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Description 



Carbon Material for Battery and 



Battery Containing the Carbon Material 



Technical Field 

The present invention relates to a carbon material for a 
lithium battery, more specifically, the present invention 
relates to a carbon material for a lithium battery having high 
discharge capacity, high charge and discharge efficiency and 
excellent cycle property. 

This application is based on Japanese Patent Application 
No. Hei 10-287397, the contents of which are incorporated 
herein by reference. 

Background Art 

In recent years, portable tools such as pocket telephones, 
compact video cameras and notebook-type personal computers 
have developed remarkably, and demands for a compact secondary 
battery such as Ni-hydrogen secondary battery or lithium 
secondary battery, as a powder source therefor are increasing. 

In particular, a nonaqueous solvent-type lithium 
secondary battery using lithium, which is the basest metal, 
may allow realization of a compact lightweight high energy 
density battery. Accordingly, research and development 
thereof are proceeding aggressively. 

A lithium secondary battery using metal lithium as a 
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negative electrode is, however, disadvantageous in that 
dendritic acicular lithium crystals are readily generated and 
break through the separator and cause short-circuits. 

As an effective means for solving this problem, a lithium 
ion secondary battery using a carbonized or graphitized carbon 
material for the negative electrode and a nonaqueous solvent 
containing lithium ion for the electrolytic solution has been 
proposed and is used in practice. 

More specifically, the charge and discharge reaction is 
designed to take place in such a manner that when the carbon 
is doped, intercalated or the like by lithium ion, charging 
occurs, whereas when the lithium ion is dedoped or 
deintercalated, discharging occurs, so that the metal lithium 
can be prevented from precipitating and can be completely used. 
This reaction mechanism is being aggressively studied but has 
not yet been completely elucidated. 

In the lithium secondary battery, carbon materials such 
as natural graphite, artificial graphite, pitch type carbon 
particles, pitch type carbon fibers, vapor grown carbon fibers, 
or non-graphitizable products baked under low temperature, are 
used as the negative electrode, and lithium is used as an 
active material thereof. 

In order to increase the discharge capacity of lithium 
batteries, the amount of lithium taken in into the carbon must 
be increased as much as possible. On the other hand, the 
lithium taken in must be easily released. These intake and 
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release actions preferably proceed smoothly and are not 
subject to any large change in the balance therebetween even 
if the actions are repeated. When this is successfully 
accomplished, a high current efficiency and a long cycle life 
can be attained. 

It is said that as the graphite has a higher 
crystallinity, the amount of lithium taken in into a carbon 
(graphite) material increases. In general, the graphite can 
have further improved crystallinity when the graphitization 
temperature is higher. However, the graphitization 
temperature is generally about 3,200°C at the highest and 
there is a definite limit to improving the crystallization of 
graphite by only temperature regulation. In order to solve 
this problem, JP-A-8-31422 (the term * JP-A" as used herein 
means an ^unexamined published Japanese patent application") 
discloses a technique of adding boron (B) to carbon powder and 
graphitizing the mixed powder, thereby elevating the 
crystallinity. Also, JP-A-9-2598 8 6 discloses a technique of 
processing a specific carbon to thereby improve the 
crystallinity of the graphite powder and reduce the specific 
surface area. 

In a lithium battery, graphite powder formed into a paste 
using a binder is coated on a metal foil, a metal mesh or the 
like to form an electrode (negative electrode) . The powder 
used preferably has a small specific surface area. The 
reasons therefor are described below. A passive film 
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comprising an electrolytic solution or the like is formed on 
the surface of the graphite powder and as the specific surface 
area of the powder becomes larger, the production of the 
passive film increases. The passive film is a significant 
cause of reduction of the use efficiency of lithium. When the 
carbon material has a high activity, the electrolytic solution 
is decomposed, resulting in a short cycle life. Therefore, 
the activity of the carbon material is preferably decreased as 
much as possible. For this purpose, a carbon material having 
a lower chemical activity (reactivity) and a smaller specific 
surface area is preferably employed. Also, when the specific 
surface area of the powder becomes large, the amount of binder 
used in the formation of the powder into a poled plate 
increases and the coverage of binder on the graphite particles 
proportionally increases. As a result, the contact ratio 
between the graphite particles and the electrolytic solution 
is reduced and the charge and discharge capacity decreases. 

As the capacity of the battery increases, the battery 
charges and discharges more current, and the required 
conductivity of the electrode increases compared with those of 
conventional batteries. More specifically, when the material 
requires a large amount of binder because of the low 
conductivity or poor coating performance, the resistance of 
the electrode plate itself is increased. As a result, this 
causes not only a decreases of the discharge capacity and 
Coulomb efficiency, but also a increase of heat generation and 
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partial heat generation, as well as the possibility of 
dendrite generation, which is not preferable from the view 
point of safety. Accordingly, it is necessary to develop a 
carbon material which has the high conductivity of carbon 
itself, excellent coating performance, and increased charge 
and discharge capacity. 

The method for obtaining graphite powder includes a 
method of pulverizing coke and the like and then graphitizing 
the powder and a method of graphitizing coke or the like and 
then pulverizing it. JP-A-6-295725 employs the latter method. 
When graphite is first formed and then pulverized, the 
graphite becomes highly crystallized having increased hardness 
and strength, which makes pulverization thereof difficult. In 
addition, the pulverization of graphite requires large force. 
When a large force is applied in pulverization, a greater 
amount of fine powder is produced, the particles are more 
liable to have scaly shapes, and the aspect ratio is increased 
Due to the increased aspect ratio, more particles of flat 
shaped crystals are included, the specific area of the powder 
is increased, and the battery performance decreases. 

The discharge capacity may be increased by increasing the 
crystallinity of the graphite and reducing the specific 
surface area of the graphite powder. However, not only these 
factors but also the permeability of the electrolytic solution 
attributable to the shape of graphite powder, or the filling 
ratio of graphite particles during formation into an electrode 



6 

affect the battery properties. In the patent publications 
described above, these problems are not specifically addressed. 
In addition, the activity (reactivity) of the graphite powder, 
conductivity or the like should be considered. 

Disclosure of Invention 

The object of the present invention is to provide a 
carbon material for a lithium battery, ensuring a large 
discharge capacity, high charge and discharge efficiency, 
excellent cycle property, good coating performance and an 
increase in the carbon density in the electrode, in which the 
carbon powder is graphitized after the properties thereof have 
been controlled. Another object of the present invention is 
to provide a paste for a negative electrode using the above 
carbon material as a main material, and a battery using a 
negative electrode employing it. 

The present invention comprises the following inventions. 

(1) A carbon material for a lithium battery, comprising 
graphite powder having a specific surface area of 3 m 2 /g or 
less, an aspect ratio of 6 or less, and a tapping bulk density 
of 0.8 g/cm 3 or more. 

(2) The carbon material for a lithium battery as described in 
(1) above, wherein the oxidation initiation temperature of 
said graphite powder is 600°C or more. 

(3) The carbon material for a lithium battery as described in 
(1) or (2) above, wherein when said powder is subject to 
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pressure to give said powder a bulk density of 1.5 g/cm 3 , a 
specific electrical resistance of said powder along a 
direction perpendicular to the direction of the pressure is 
0.06 Qcm or less. 

(4) A carbon material for a lithium battery, consisting of 
graphite powder having a tapping bulk density of 0.8 g/cm 3 or 
more and an oxidation initiation temperature of 600°C or more. 

(5) The carbon material for a lithium battery as described in 
(4) above, with a specific surface area of 3 m 2 /g or less. 

(6) The carbon material for a lithium battery as described in 
(4) or (5) above, with an aspect ratio of 6 or less. 

(7) A carbon material for a lithium battery, comprising 
graphite powder having a specific surface area of 3 m 2 /g or 
less and a tapping bulk density of 0.8 g/cm 3 or more, wherein 
when said powder is subject to pressure to give said powder a 
bulk density of 1.5 g/cm 3 , a specific electrical resistance of 
said powder along the direction perpendicular to the direction 
of the pressure is 0.06 Qcm or less. 

(8) The carbon material for a lithium battery as described in 
any one of (1) to (7) above, wherein the graphite powder has 
an average particle size of from 8 to 30 |xm. 

(9) The carbon material for a lithium battery as described in 
any one of (1) to (8) above, wherein the graphite powder 
contains substantially no particles having a particle size of 
3 (im or less and/or 53 |xm or more. 

(10) The carbon material for a lithium battery as described in 
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any one of (1) to (9) above, wherein the graphite powder has a 
Co value of 6.745 A or less. 

(11) The carbon material for a lithium battery as described in 
any one of (1) to (10) above, wherein the graphite powder 
contains boron. 

(12) A paste for a negative electrode of a battery, wherein 
said paste is obtained by adding polyvinylidene fluoride 
powder to the graphite powder as described in any one of (1) 
to (11) above as a main material, and kneading. 

(13) A battery comprising a negative electrode produced from 
graphite powder as described in any one of (1) to (11) above 
as a main material. 

(14) A lithium battery comprising a negative electrode 
produced from graphite powder as described in any one of (1) 
to (11) above as a main material. 

The graphite powder of the present invention has a small 
aspect ratio and the amount of scaly particles therein is 
small. When particles have the shape of scales, they are 
oriented parallel to a surface layer of the electrode and the 
permeability of electrolytic solution is reduced. The 
particles of the graphite powder of the present invention are 
spherelike and exhibit excellent permeability of the 
electrolytic solution. 

The bulk density of the powder is increased because there 
is a reduction in the amount of scaly particles or removal of 
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fine particles having a size of 5 jam or less. When the bulk 
density is increased, more graphite particles are included per 
unit volume, and therefore, the intercalation rate of lithium 
may be increased. 

The graphite powder of the present invention has small 
specific surface area because it is graphitized after 
pulverization of cokes and the like. Therefore, a passive 
film is not formed on the surface of the particles by 
electrolytic solution. In addition, due to the small specific 
surface area, a small amount of binder is required when 
forming electrodes, and the binder is less prone to interfere 
with the contact between the graphite particles and the 
electrolytic solution . 

Furthermore, by adding boron to the powder of cokes or the 
like and then graphitizing, the graphitization rate 
(crystallinity) can be improved, and as a result the 
intercalation rate of lithium into the graphite lattice is 
increased. 

Another important aspect of the present invention is that 
the addition of B improves the antioxidation properties, 
reduces the electric resistance of the powder, and remarkably 
improves the conductivity. 

Further, the improvement in resistance to oxidation 
decreases the activity of the surface of the particles, and 
the improvement in conductivity increases the intercalation 
capacity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a curve indicating the amount of heat 
generated and the decrease of weight determined by TG/DTA 
determination . 

Fig. 2 is a cross section diagram illustrating the 
apparatus for determining the electric resistance of the 
graphite powder. 

Best Mode for Carrying Out the Invention 

The first aspect of the present invention is the above- 
described carbon material for a lithium battery, comprising 
graphite carbon having a specific surface area, aspect ration, 
and tapping bulk density as specified above. This carbon 
material is particularly suitable as the negative electrode of 
a lithium battery. 

The specific surface area of the graphite powder as the 
electrode of a lithium battery is preferably smaller. The 
graphite powder for use in the present invention has a 
specific surface area (BET method) of 3 m 2 /g or less. If the 
specific surface area exceeds 3 m 2 /g, the surface activity of 
the graphite powder is increased and due to the decomposition 
of electrolytic solution or the like, the Coulombic efficiency 
decreases. Furthermore, a large amount of binder is required 
in the formation of the electrode, which gives rise to a high 
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coverage of binder on the graphite particles which in turn 
reduces the discharge capacity of the produced battery. In 
addition, as described above, if the activity is increased, 
the surface of graphite particle enters the passive state and 
the performance is liable to decrease. Important factors for 
reducing the specific surface area are the particle size, the 
particle shape, the particle size distribution, the surface 
properties and the like. In particular, the graphite 
particles are preferably formed into a nearly spherical shape. 

In order to increase the capacity of a battery, it is 
important to raise the filling density of the graphite 
particles. Also to this purpose, the graphite powder 
particles preferably have a nearly spherical shape, and not a 
scaly shape. If the particle shape is expressed by an aspect 
ratio, the graphite powder particles for use in the present 
invention have an aspect ratio of 6 or less, preferably 5 or 
less. The aspect ratio is generally the (length of long 
axis) / (length of short axis) ratio of the particles and the 
value thereof may be obtained from a microphotograph of the 
particle, however, in the present invention, the aspect ratio 
is determined as follows. 

The average particle size A calculated by the laser 
diffraction scattering method and the average particle size B 
calculated by the electrical detection method (Coulter-Counter 
method) are obtained. From the principles of respective 
measurements, A is recognized as the diameter of a sphere 
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corresponding to the largest length of the particle and B is 
recognized as the diameter of a sphere having the same volume 
as the particle. Assuming that the particle is a disk, the 
bottom face diameter of disk is A, the volume is 4/3x (B/2 ) 3 tc-C 
and then, the thickness of disk can be calculated by 
T=C/ (A/2) 2 7i. Accordingly, the aspect ratio is A/T. 

In general, when the graphite is pulverized, the 
resulting particles are liable to be scale-shaped in many 
cases. In particular, when graphite is first formed and then 
pulverized, the higher the processing temperature, the 
stronger the tendency to form scaly particles and moreover, 
the smaller the particle size of the powder, the more liable 
the formation of scaly particles since stronger forces are 
applied during pulverization. The electrode plate of a 
battery is formed by coating a paste containing graphite 
powder on a metal mesh or a metal sheet of a metal such as 
aluminum and then press-bonding it. At this time, if the 
aspect ratio of the graphite powder exceeds 6, the scaly 
graphite particles are oriented to readily form a mirror 
surface. If a mirror face is formed, the permeability of the 
electrolytic solution into the electrode plate is deteriorated 
and the discharge capacity of the battery decreases. 
Furthermore, scaly graphite has a poor particle filling 
property, and therefore reduces the density of graphite in the 
electrode . 

As the graphite powder used as the electrode of a lithium 
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battery has a more satisfactory filling property, namely, a 
higher bulk density, the battery can have a higher discharge 
capacity. The graphite powder for use in the present 
invention has a tapping bulk density of 0.8 g/cm 3 or more, 
preferably 0.9 g/cm 3 or more. 

In the present invention, the tapping bulk density is 
measured as follows. 

A fixed amount of graphite powder (6.0 g) is weighed and 
placed in a 15-mm<J) cell for measurement and the cell is set in 
a tapping apparatus. After free dropping 400 times from a 
height of 45 mm at a tapping rate of 2 sec/time, the volume is 
measured and from the relationship between the weight and the 
volume, the bulk density is calculated. 

The tapping bulk density of graphite powder is related to 
the particle size, the shape and the surface properties of the 
particles, and varies according to the particle size 
distribution even if the average particle size is the same. 
If the number of scaly particles or fine particles is large, 
the tapping bulk density may not be high. For example, after 
merely pulverizing a graphite material to have an average 
particle size of from 10 to 30 \xm, many fine particles are 
produced and a tapping bulk density of 0.8 g/cm 3 or more is 
very difficult to attain using the powder. The graphite 
powder for use in the present invention has as low a content 
of fine powder as possible, a high tapping density and at the 
same time, has a small aspect ratio for the graphite powder, 
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namely, it is not scale-shaped, or is scaliness, so as not to 
impede the permeation of the electrolytic solution and so that 
the filling density can be increased. 

As described above, the graphite powder preferably has a 
low activity and a high conductivity. As an index of the 
activity, the oxidation initiation temperature of graphite can 
be used* In general, when the activity is high, the oxidation 
initiation temperature is low. 

In the graphite powder of the present invention, having 
the above described specific surface area, aspect ratio, and 
tapping bulk density, the oxidation initiation temperature 
(measured under the conditions explained below) is preferably 
600 °C or more. The conductivity represented by the specific 
electric resistance (measured under the conditions explained 
below) is preferably 0.06 Qcm or less. 

The second aspect of the present invention is a carbon 
material for lithium battery having the specified oxidation 
initiation temperature and tapping bulk density as described 
above. The oxidation initiation temperature of the graphite 
powder is one of the indices for the graphite activity. The 
graphite powder having a high oxidation initiation temperature 
has a low activity and it is preferable for use in a battery. 

In the present invention, the oxidation initiation 
temperature is measured according to the following method and 
conditions. Using a general TG/DTA measurement apparatus 
(thermogravimetry/dif f erential thermal analysis) , the amount 
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of heat generated and decrease in weight by oxidation are 
measured when the temperature is increased in the air flow. 
This state is qualitatively shown in Fig.l. In Fig. 1, the 
axis of abscissas indicates the temperature elevated by the 
predetermined elevation rate, Curve A is the curve of heat 
generation as determined by differential thermal analysis (the 
left scale of the axis of ordinates) , and Curve B is the curve 
of the decrease in weight (the right scale of the axis of 
ordinates) . When the temperature of the sample is elevated, 
heat generation occurs by oxidation, and the initiation 
temperature thereof appears at Point T in Fig. 1. When the 
sample is oxidized, the weight decreases, as shown in Curve B, 
but the initiation point thereof, which comes a little after 
Point T, does not appear as sharply as the initiation point of 
heat generation. Accordingly, in the present invention, the 
oxidation initiation temperature is referred to as the 
initiation Point T of heat generation. The conditions of 
measurement are samples of 5 mg, an air flow rate of 100 
ml/min., and a temperature increase rate of 10°C/min. The 
samples are graphite powders having various particle sizes 
used for lithium batteries. Even if the graphite powders are 
produced from the same material, the graphite powders with 
smaller particle sizes tend to initiate oxidation at lower 
temperatures, for example. 

The oxidation initiation temperature of the second 
graphite powder is 600°C or more according to the above 
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measurement method. The oxidation initiation temperature has 
a correlation with not only the chemical activity of the 
graphite powder, but also with the shapes of the particles, 
the specific surface area or the like. In order to reduce the 
chemical activity, graphite made from easily-graphitized 
carbon materials such as cokes is preferable. Regarding the 
shapes of the particles, the aspect ratio determined as the 
above is 6 or less, and the specific surface area is 3m 2 /g or 
less ♦ 

The bulk density of the graphite powder is 0.8 g/cm 3 or 
more, preferably 0.9 g/cm 3 or more, as in the first invention, 
in order to increase the capacity of the battery. In addition, 
the specific electric resistance, which is described below, 
may be 0.06 Q cm or less. 

The third aspect of the present invention is a carbon 
material for a lithium battery, which has the specific 
electric resistance, specific surface area, and tapping bulk 
density as specified above. When the graphite powder has high 
specific electric resistance, namely, a low conductivity, it 
causes not only a decrease in the discharge capacity and 
Coulombic efficiency, but also an increase in heat generation. 
The specific electric resistance in the third invention is 
0.06Qcm or less, which is measured according to the following 
method, shown in Fig. 2. 

In Fig. 2, symbol 1 designates an electrode consisting of 
a copper plate, symbol 2 a compressing rod consisting of resin, 
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symbol 3 a dish of resin, symbol 4 a side frame of resin, 
symbol 5 a sample of the graphite powder, and symbol 6 a 
terminal for measuring the voltage provided at the lower end 
of the sample and the central portion along the vertical 
direction of the page. 

According to the four terminal method, shown in Fig. 2, 
the specific electric resistance of the sample is measured as 
follows. The sample is compressed by the compressing rod 2. 
The current (I) is made to flow from electrode 1. The voltage 
(V) between the terminals is measured by the terminal 6. This 
voltage is the voltage determined when the bulk density of the 
sample becomes 1.5 g/cm 3 by the compressing rod. When the 
electric resistance (between terminals) is R (Q), the formula 
R=V/I is obtained. From this formula, the specific electric 
resistance can be obtained by using the formula p= R • S/L, 
wherein p designates the specific electric resistance; S 
designates a sectional area (cm 2 ) along the direction of the 
current through the sample, that is, perpendicular to the 
direction of the pressure; and L designates the distance 
between terminals 6 (cm) . In actual measurement, the 
perpendicular cross section of the sample is about 1 cm 
(width) x about 0.5 to 1 cm (long or height), and the length 
along the current direction is 4 cm, and the distance (L) 
between terminals is 1 cm. 

In order to increase the conductivity of the graphite 
powder, the conductivity of the graphite itself must be 
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increased, and therefore, an improvement in the crystallinity 
is necessary. For this purpose, it is effective to use the 
graphite produced from an easily-graphitizable material, or to 
increase the graphitizing temperature, for example. In 
addition, it is effective to improve the crystallinity of the 
graphite by using a graphitizing catalyst such as boron (B) . 
It is also effective to decrease the number of contact points 
between the particles of the graphite, that is, to decrease 
the content of fine powder. In view of the conductivity, the 
particles of the graphite are preferably large. However, 
since there is a limit regarding the thickness of graphite 
powdery layer to be applied for an electrode of a battery, it 
is not possible to use graphite powder having very large 
particles. Therefore, the average particle size of the 
graphite is increased as much as possible provided that it 
does not cause problems in the electrode. 

In the third invention, as in the first invention, the 
specific surface area, and the tapping bulk density are 3m 2 /g 
or less, and 0.8 g/cm 3 or more, preferably 0.9 g/cm 3 or more, 
respectively. The aspect ratio is preferably & or less, more 
preferably 5 or less. Furthermore, the oxidation initiation 
temperature may be 600 ° C or more, as described above. 

The graphite powder of the present invention (the above 
first to third inventions) preferably has as high a 
crystallinity as possible. The lattice distance (Co) of the 
graphite structure, in which the hexagon network layers are 
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laminated, is preferably 6.745 A or less, more preferably 
6.730 A or less, still more preferably 6.720 A or less. By 
improving the crystallinity of the graphite powder, the charge 
and discharge capacity of battery can be increased, and the 
specific electric resistance can be decreased. 

The graphite powder may contain a graphite catalyst such 
as boron (B) , beryllium, aluminum, silicon, or the like. 
Among these, boron is effective, and by adding B to carbon 
powder and graphitizing, the graphitization degree 
(crystallinity) is increased and Co value is decreased. In 
addition, for obtaining graphite having the same crystallinity, 
the graphitization with the addition of B can be conducted at 
lower temperature, compared with the graphitization without 
the addition of B. The content of B may be within a range in 
which boron is solid-dissolved in the graphite crystal. Even 
if the content exceeds this range, the function of catalyst is 
not increased. The upper limit thereof is about 10 % by 
weight. Namely, the graphite powder may contain an amount of 
B of about 10 % by weight or less, preferably 5 % by weight or 
less . 

The graphite powder for use in the present invention 
preferably has a particle size in terms of the average 
particle size of from 8 to 30 jam, more preferably from 10 to 
25 jam. This average particle size is determined by the laser 
diffraction scattering method, more specifically, using a 
Macrotrack HRA apparatus manufactured by Mikkiso KK. The 
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measuring conditions are such that 50 mg of a sample is 
weighed and added to 50 ml of distilled water, 0.2 ml of a 2% 
aqueous Triton™ (surface active agent) solution is further 
added thereto, the mixed solution is ultrasonic dispersed for 
3 minutes and then, the average particle size is determined by 
the apparatus. 

If the average particle size of the graphite powder is 
less than 8 (am, not only is a large aspect ratio liable to 
result, but also, the specific surface area increases and it 
becomes difficult to control it to the value of 3 m 2 /g or less 
specified in the present invention and also the tapping bulk 
density of powder is not increased. As a result, the voltage 
flatness becomes deteriorated and this is disadvantageous in 
fabricating a battery. The voltage flatness means the 
flatness of the charge and discharge curve. More specifically, 
in the case of a battery where metal Li is used as the 
standard electrode and Li is intercalated/deintercalated into 
the carbon electrode, the charge and discharge curve has a 
long continuing plateau region in vicinity of 100 mV. This 
part is preferably small in the voltage change and continues 
long and this is an index of the flatness. The capacity of 
the battery is the sum of this plateau region and the 
subsequent trapping region where adsorption/desorption of Li 
onto the particle surface takes place involving an abrupt 
increase in the voltage. The trapping region increases as the 
surface area of the particles becomes larger, as a result, the 
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flatness decreases. The decrease in the flatness comes out as 
a voltage fluctuation when the electrode is loaded into a 
battery and in the case of an apparatus where a stable voltage 
is required, disadvantageously narrows the usable region and 
causes a reduction in the capacity. 

When forming an electrode using graphite powder, a method 
of forming the graphite powder into a paste with a binder and 
coating the paste onto a metal plate or the like is generally 
used. If the average particle size of the powder is less than 
8 jam, this means that fine powder particles having a particle 
size of less than 8 |om are contained in a fairly large amount, 
and the paste suffers from increased viscosity and poor 
coatability. Therefore, also from this point of view, the 
average particle size of the powder is preferably 8 \m or more. 
When the average particle size is less than 8 |um, or particles 
less than 3 |om are contained, the activity of the powder 
increases, and the specific electric resistance increases. It 
is more preferred to remove particles having a particle size 
of less than 8 |im by classification or the like. 

The upper limit of the particle size of the graphite 
powder is restricted by the fact that the thickness of the 
graphite powder layer formed of the above-described paste is 
usually from about 50 to 200 jam. In order to distribute 
graphite the particles as uniformly as possible, the average 
particle size of graphite powder is preferably 30 \xm or less. 
If coarse particles having a particle size of 53 (im or more 
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are mixed into the graphite powder, many irregularities are 
generated on the electrode surface and give rise to damage of 
the separator used in the battery. 

From these aspects, the graphite powder of the present 
invention preferably has an average particle size of from 8 to 
30 |j,m. The graphite powder more preferably contains 
substantially no (5 % by weight or less) particles having a 
particle size of 3 \im or less and/or no particle having a 
particle size of 53 jam or more, as a result of removing those 
particles. When particles having a particle size of 3 (am or 
less or 53 \xm or more are removed, the average particle size 
of graphite powder is from 10 to 25 |_im. 

The graphite powder of the present invention can be 
produced as follows. 

In order to obtain graphite powder, coke is usually 
produced first. The raw material for the coke is petroleum 
pitch or coal pitch, and by carbonizing the raw material, coke 
is produced. For forming graphite powder from coke, a method 
of pulverizing the coke and then graphitizing the particles, a 
method of graphitizing the coke itself and then pulverizing it, 
a method of adding a binder to coke, molding and calcining the 
mixture, graphitizing the calcined product (the coke and this 
calcined product are collectively called coke and the like) 
and then pulverizing it into powder is usually used. 

However, when the coke and the like are graphitized and 
then pulverized, a scaly powder is likely to be produced at 
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the time of pulverization because crystals are grown. 
Therefore, in order to obtain powder particles having a small 
aspect ratio, namely, as close to spherical as possible, for 
use in the present invention, it is preferred to pulverize the 
coke and the like before graphitization, classify the 
particles into predetermined particle sizes and specific 
surface areas, and then graphitize the particles. The raw 
material coke and the like preferably have no grown crystals, 
accordingly, those heat-treated at 2,000°C or less, preferably 
1,200°C or less are suitably used. 

The aspect ratio after the pulverization varies depending 
on the kind of raw material coke. Coke is known to include 
easily graphitizable coke, i.e., so-called needle coke, and 
non-needle coke having a graphitizability inferior to that of 
needle coke. According to the knowledge of the present 
inventors, it has been found that when coke is pulverized, 
non-needle coke is suitable for obtaining powder particles 
having a small aspect ratio, namely, nearly spherical 
particles. Therefore, the raw material coke is preferably 
non-needle coke heat-treated at 2,000°C or less, preferably 
1, 200°C or less. 

When the powder of coke and the like is graphitized, not 
only does crystallization proceed but also the surface area of 
the particles is also reduced, thus, the above-described 
method is also preferred from this point of view. For example, 
a coke powder having an average particle size of about 10 \xm 
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obtained by pulverizing coke has a specific surface area of 
about 14 m 2 /g. When this powder is graphitized at 2, 800°C or 
more, the specific surface area is reduced to from 2 to 3 m 2 /g. 
On the other hand, if the coke is graphitized and then 
pulverized, the specific area is at least 5 m 2 /g or more and 
in some cases, 10 m 2 /g or more, though it may vary according 
to the particle size. It is considered that in the method of 
pulverizing coke and then graphitizing particles, the carbon 
atoms are re-oriented by the graphitization and furthermore, a 
part of the surface evaporates due to the high-temperature 
processing, therefore, the surface is cleaned or smoothed and 
thereby the specific area is reduced. 

For pulverizing the coke and the like, a high-speed 
rotation pulverizer (e.g., hammer mill, pin mill, cage mill), 
a ball mill of various types (e.g., rolling mill, vibrating 
mill, planetary mill), a stirring mill (e.g., bead mill, 
attritor, circulating tube-type mill, annular mill) or the 
like may be used. Furthermore, a screw mill, turbo-mill, 
supermicron mill or jet mill of a pulverizer may also be used 
by selecting the conditions. 

The coke and the like are pulverized by means of such a 
pulverizer and at this time, the average particle size is 
preferably adjusted to from 8 to 30 |iin by selecting the 
pulverization conditions and if desired, classifying the 
powder. More preferably, particles having a particle size of 
3 p or less and/or particles having a particle size of 53 |jm 
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or more are substantially removed to reduce the amount of the 
particles having these particle sizes to 5 % by weight or less 
of each, preferably 1 % by weight or less. When particles 
having a particle size of 3 \xm or less and particles having a 
particle size of 53 \xm or more are removed, the resulting 
particles have an average particle size of from 10 to 25 jam. 

The classification of coke powder and the like may be 
performed by any method as far as the particles can be 
separated. For example, a sieve classification method or an 
air classifier such as a forced vortex-type centrifugal 
classifier (e.g., micron separator, turbo-plex, turbo- 
classifier, superseparator ) or inertial classifier (e.g., 
modified virtual impactor, elbow jet) may be used. 
Furthermore, a wet sedimentation or centrifugal classification 
method may also be used. 

The temperature for the graphitization of coke and the 
like powder is preferably high, however, there are limits due 
to the apparatus used or the like. Accordingly, the 
graphitization temperature is preferably 2,500 to 3,200°C. 
The graphitization may be performed by a method of using an 
Acheson furnace where coke and the like powder is placed in a 
graphite crucible and electricity is passed directly 
therethrough, or a method of heating the powder by a graphite 
heating element . 

In the case of incorporating boron (B) into the graphite 
powder, a boron source such as B single element, H 3 B0 3 , B 2 0 3 , 
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B 4 C or BN is added to the coke and the like powder, and the 
powder is well mixed and then graphitized. If the B compound 
is non-unif ormly mixed, the product itself is 
disproportionated and moreover, the compound is likely to 
sinter during graphitization • The amount of B added is small, 
therefore, the boron source is preferably formed into a powder 
having a particle size of 50 jam or less, preferably 20 jxm or 
less before mixing it with the coke and the like powder. The 
amount of boron in the graphite powder is sufficient if it is 
10 % by weight or less. Therefore, the amount of the boron 
source added to coke and the like is set such that the 
graphite powder after graphitization has a B element content 
of 10 % by weight or less. 

The specific surface area of the graphite powder can be 
adjusted to 3 m 2 /g or less by the above-described control of 
the average particle size, the removal of fine particles, the 
graphitization of coke powder after pulverization or a 
combination thereof . 

A small aspect ratio of the graphite powder particles can 
be obtained by pulverizing the coke and the like before 
graphitization, when the crystals are not fully grown, and 
thereby reducing the amount of scaly particles. The aspect 
ratio may be increased by removing fine particles having a 
particle size of 3 (jm or less. In this way, the aspect ratio 
of the graphite powder can be adjusted to 6 or less, 
preferably to 5 or less. 
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The bulk density of the graphite powder becomes higher as 
the aspect ratio becomes smaller. On the other hand, the bulk 
density decreases as the amount of fine particles having a 
small particle size increases. Even with the same average 
particle size, the bulk density varies depending on the 
particle size distribution of the powder. When the graphite 
material is pulverized and then graphitized, the surface is 
smoothed as the crystallization progresses and the unevenness 
is reduced. By this method, the bulk density is increased. 

Using such controlling of the aspect ratio and the 
average particle size and adjustment of the particle size 
distribution by classification or the like, the tapping bulk 
density is increased to 0.8 g/cm 3 or more, preferably 0.9 
g/cm 3 or more. 

The battery of the present invention is the battery which 
is produced by using the above graphite powder as a main 
material of negative electrode. In the battery of the present 
invention, positive electrode materials such as metallic 
oxides, metallic sulfides, electrically conducting polymers, 
or carbon materials, which are electrode active materials 
(positive electrode active materials) having a high oxidation- 
reduction potential, are preferably used because the battery 
with a high voltage and high capacity can be obtained. Among 
these electrode active materials, in view of the improvement 
of the filling density and volumetric capacity density, 
metallic oxides such as cobalt oxide, manganese oxide, 
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vanadium oxide, nickel oxide, and molybdenum oxide, metallic 
sulfides such as molybdenum sulfide, titanium sulfide, and 
vanadium sulfide are preferred; in particular, manganese oxide, 
nickel oxide, cobalt oxide, or the like is preferred in view 
of high capacity and high voltage. 

In this case, the manufacturing methods of metallic oxides 
or metallic sulfides are not limited, for example these may be 
produced according to the usual electrolysis or heating, as 
described in Electrochemistry, vol. 22, page 574, 1954. In 
addition, when they are used as electrode active materials in 
a lithium battery, Li elements are used preferably in an 
inserted state (in a complex state) in metallic oxide or 
metallic sulfide, for example, in the form of Li x Co0 2/ Li x Mn0 2 
or the like, at the time of manufacturing the battery. The 
method is for inserting Li is not limited, for example, may be 
a method of electrochemically inserting Li ions, or a method 
in which salts such as Li 2 C0 3 and metallic oxides are mixed 
and heat treated as described in U.S. Patent No. 4357215. 

In view of softness and ease of forming a film, 
electrically conducting polymers are preferred as the positive 
electrode material. Examples thereof are polyaniline, 
polyacetylene and derivatives thereof, polyparaphenylene and 
derivatives thereof, polypyrrole (polypyrrolylene) and 
derivatives thereof, polythienylene and derivatives thereof, 
polypyridinediyl and derivatives thereof, 

polyisothianaphtenylene and derivatives thereof, polyfurilene 



29 

and derivatives thereof, pol yselenophene and derivatives 
thereof, polyarylenevinylene such as polyparaphenylenevinylene, 
polythienylenevinylene, polyfurilenevinylene, 
polynaphtelenevinylene, polyselenophenevinylene, 
polypyridinediylvinylene, and derivatives thereof. Among 
these, polymers of aniline derivatives which are soluble in 
organic solvents are particularly preferred. The electrically 
conducting polymers used as the electrode active material in 
the battery or electrode may be produced according to chemical 
or electrochemical methods or other conventional methods. 

In addition, as other organic compounds, disulfide 
compounds such as 2, 5-dimercapto-l , 3, 4-thiadiazol, mixtures of 
disulfide compounds, and electrically conducting polymers have 
high capacity and are preferred. 

The examples of the electrolytic solution used in the 
present invention may include oligoethers such as 
triethyleneglycol dimethylether , tetraethyleneglycol 
dimethylether ; carbonates such as ethylene carbonate, 
propylene carbonate, dimethylcarbonate, diethylcarbonate, 
vinylene carbonate, (meth) acrylonitril carbonate; lactones 
such as y -butylolactone; aromatic nitriles such as 
benzonitrile, tolunitrile; sulfur containing or nitrogen 
containing compounds such as dimethyl formamide, 
dime thylsulf oxide, N-methylpyrolidone, N-vinylpyrolidone, 
sulfolane; phosphoric esters; alcohols such as ethanol, 
propanol, butanol. Among these, oligoethers, carbonates, and 
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lactones are preferred. 

As separators, porous membranes of polyethylene (PE) , 
porous membranes of polypropylene (PP) , porous membranes of 
PP/PE/PP, and films of solid polyelectrolyte containing an 
ethyleneoxide group may be used. 

The examples of alkali metal salts which can be used as 
electrolytes include LiCF 3 , S0 3 , LiPF 3 , LiPF 6/ LiC10 4 , Li I, 
LiBF 4 , LiSCN, LiAsF 6 , LiN (CF 3 S0 2 ) 3/ and the like. 

The present invention is described in greater detail 
below by referring to the Examples. 

The cokes used in the Examples and Comparative Examples 
are LPC-S coke produced by Shin Nittetsu Kagaku K.K. as non- 
needle coke (calcined product) (hereinafter referred to as 
Coke A) and LPC-UL coke produced by the same company as a 
needle coke (calcined product) (hereinafter referred to as 
Coke B) . In the respective Examples and Comparative Examples, 
30 kg of the coke was used for the test. 

Measurement of the Battery Properties 

In the following examples and comparative examples, the 
measurements of the battery properties were performed under 
the same condition after the following batteries were produced. 

A graphite powder, having added thereto 3 % by weight of 
polyvinylidene fluoride powder and a small quantity of N- 
methylpyrrolidone, was kneaded and press-bonded to a copper 
mesh to form a negative electrode. For evaluating the 
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properties of this electrode as a single pole, a three-pole 
cell using lithium metal for the counter electrode and the 
reference electrode was manufactured. 

The electrolytic solution used was a mixed solution of 
ethylene carbonate having dissolved therein 1 mol/1 of LiPF 6 
with dimethylene carbonate (1:1 by volume) . The assembly of 
the batteries was conducted in a glove box in an argon 
atmosphere regulated for dryness to have a dew point of -60°C 
or less. During the charging and discharging of the battery, 
the electric potential was controlled within a range of 0 to 
1.5 V, and the current density was 0.2 mA/cm 2 in both the 
charging and the discharging. The battery properties are 
shown in Table 1. In the table, the charge and discharge 
efficiency indicate the ratio of the electric capacity 
discharged to the electric capacity charged. 

Example 1 : 

Coke A was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.). At this time, 96% (% means % by weight, 
hereinafter the same) of the coarse particles having a 
particle size of 35 |um or more were continuously removed. The 
powder particles were air-classified in a turbo-classifier 
(TC15N, manufactured by Nisshin Engineering K.K.) to remove 
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particles having a particle size of 5 |juri or less. At this 
time, the average aspect ratio was 4.0. A part of this 
pulverized product (15 kg) was sealed into a graphite crucible 
with a cover having an internal diameter of 40 cm and a volume 
of 40 1, the crucible was placed in a graphitizing furnace 
with a graphite heater and the powder was graphitized at a 
temperature of 2, 800°C. The powder was left standing to cool 
and taken out to obtain 14 kg of powder. This powder was 
passed through a 270 mesh (53 jam) according to the AS TM 
Standards to remove particles having a particle size of 53 |jia 
or more which were produced to a small extent due to 
coagulation during the graphitization . The properties of the 
graphite powder obtained are shown in Table 1. 

The powder, which was obtained by pulverizing, size- 
regulating, and then graphitizing, was satisfactory in 
specific surface area, aspect ratio, and bulk density, and had 
excellent coating performance, and increased carbon density. 
However, since boron (B) was not used, the discharge capacity 
was 281 mAh/g, which was, however, higher than that of 
Comparative Example 1. 

Example 2: 

Coke A was coarsely pulverized in a pulverizer 
{manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill { IDS2UR, manufactured by Nippon 
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Neumatic K.K.). At this time, 95% of the coarse particles 
having a particle size of 50 \xm or more were continuously 
removed. The powder particles were air-classified in a turbo- 
classifier (TC15N, manufactured by Nisshin Engineering K.K.) 
to remove particles having a particle size of 5 (im or less. 
At this time, the average aspect ratio was 3.9. A part of 
this pulverized product (15 kg) was sealed into a graphite 
crucible with a cover having an internal diameter of 4 0 cm and 
a volume of 40 1, the crucible was placed in an Acheson 
furnace and the powder was graphitized at a temperature of 
2, 900°C. The powder was left standing to cool, taken out, and 
unbinded using SPARTAN-RYUZER to obtain 14 kg of powder. This 
powder was passed through a 27 0 mesh (53 |am) according to the 
ASTM Standard to remove particles having a particle size of 53 
(im or more. The properties of the graphite powder obtained 
are shown in Table 1. The powder, which was obtained by 
pulverizing and then graphitizing as in Example 1, had a 
satisfactory specific surface area, aspect ratio, and bulk 
density. 

Example 3 : 

Coke A was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.). At this time, 95% of the coarse particles 
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having a particle size of 50 jam or more were continuously 
removed. The powder particles were air-classified in a turbo- 
classifier (TC15N, manufactured by Nisshin Engineering K.K.) 
to remove particles having a particle size of 5 jam or less. 
At this time, the average aspect ratio was 4.0. To a part of 
this pulverized product (14.4 kg), 0.6 kg of boron carbide 
(B 4 C) was added and mixed in a Henschel mixer at 800 rpm for 5 
minutes. The mixed powder was sealed into a graphite crucible 
with a cover having an internal diameter of 4 0 cm and a volume 
of 40 1, the crucible was placed in a graphitizing furnace 
with a graphite heater and the powder was graphitized at a 
temperature of 2, 900°C. The powder was left standing to cool 
and taken out to obtain 14 kg of powder. This powder was 
passed through a 27 0 mesh (53 (im) according to the ASTM 
Standards to remove particles having a particle size of 53 |jm 
or more. The properties of the graphite powder obtained are 
shown in Table 1. 

In this Example, the powder was obtained by size- 
regulating, adding B 4 C, and graphitizing, and the negative 
electrode material had excellent coating performance and 
excellent battery performance such as a discharge capacity of 
335 mAh/g and an initial efficiency of 91 %. In addition, the 
material had excellent conductivity and stability, having a 
powder resistance as low as 0.0030 Q cm, and an oxidation 
initial temperature as high as 631 ° C, which are not obtained 
in the usual graphitized powders of cokes. 
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Example 4: 

Coke A was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. 

This coarsely pulverized product was finely pulverized in 
a jet mill (IDS2UR, manufactured by Nippon Neumatic K.K.) . At 
this time, 95% of the coarse particles having a particle size 
of 50 or more were continuously removed. At this time, the 
average aspect ratio was 3.9. B 4 C in an amount of 4 % by 
weight was mixed with this pulverized product, a part of this 
mixture (15 kg) was sealed into a graphite crucible with a 
cover having an internal diameter of 40 cm and a volume of 40 
1, the crucible was placed in a graphitizing furnace with a 
graphite heater and the powder was graphitized at a 
temperature of 2, 800°C. The powder was left standing to cool 
and taken out to obtain 14 kg of powder. This powder was 
passed through a 270 mesh (53 jim) according to the ASTM 
Standards to remove particles having a particle size of 53 jjna 
or more* The properties of the graphite powder obtained are 
shown in Table 1. By using material, as in Example 3, the 
obtained electrode had excellent conductivity and stability. 

Example 5: 

Coke A was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
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to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.) into a size of 50 \m or less. To a part of 
this pulverized product (14.4 kg), 0.6 kg of boron carbide 
(B 4 C) was added and mixed as in Example 3. This fine powder 
was sealed into a similar graphite crucible with a cover 
having an internal diameter of 40 cm and a volume of 40 1, the 
crucible was placed in a graphitizing furnace as above and the 
powder was graphitized at a temperature of 2,9Q0°C. The 
powder was left standing to cool, taken out, and finely 
pulverized by a jet mill, and the fine powder of 5 |im or less 
was removed using a T-PLEX (manufactured by Hosokawa micron 
K.K.)* This powder was passed through a 270 mesh (53 jim) 
according to the ASTM Standards to remove particles having a 
particle size of 53 \xra or more. The properties of the 
graphite powder obtained are shown in Table 1. Since this 
powder was obtained by pulverization after graphitization as 
in Comparative Examples 1 and 2, the powder had an aspect 
ratio of 6.1 and a specific surface area of 4.1 m 2 /g, which 
were not satisfactory. However, since B 4 C was added and 
graphitized, the powder had a discharge capacity of 345 mAh/g, 
an initial efficiency of 89%, and had a high powder resistance 
of 0.0033 Qcm and a high oxidation initiation temperature of 
633 °C, exhibiting performance as good as in Examples 3 and 4. 

Example 6: 
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Coke A was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.)* At this time, 95% of the coarse particles 
having a particle size of 50 jim or more were continuously 
removed. The powder particles were air-classified in a turbo- 
classifier (TC15N, manufactured by Nisshin Engineering K.K.) 
to remove particles having a particle size of 5 jam or less. 
At this time, the average aspect ratio was 4.5. To a part of 
this pulverized product (14.4 kg), 0.6 kg of boron carbide 
(B 4 C) was added and mixed in a Henschel mixer at 800 rpm for 5 
minutes. The mixture powder was sealed into a graphite 
crucible with a cover having an internal diameter of 40 cm and 
a volume of 40 1, the crucible was placed in a graphitizing 
furnace as above and the powder was graphitized at a 
temperature of 2,850°C. The powder was left standing to cool 
and taken out to obtain 14 kg of powder. This powder was 
passed through a 270 mesh (53 jjm) according to the ASTM 
Standards to remove particles having a particle size of 53 jam 
or more. The properties of the graphite powder obtained are 
shown in Table 1. As in Examples 3 and 4, good results were 
obtained. 

Example 7 : 

Coke A was coarsely pulverized in a pulverizer 
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(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.) into a size of 15 (am or less. At this time, 
the fine powder of 3 jam or less was removed using T-PLEX 
(manufactured by Hosokawa micron K.K.) . At this time, the 
average aspect ratio was 6.2. To a part of this pulverized 
product {14.4 kg), 0.6 kg of boron carbide (B 4 C) was added and 
mixed. A part of this pulverized product (15 kg) was sealed 
into a similar graphite crucible with a cover having an 
internal diameter of 4 0 cm and a volume of 4 0 1, the crucible 
was placed in an Acheson furnace and the powder was 
graphitized at a temperature of 2, 800°C. The powder was left 
standing to cool, taken out, and unbinded using SPARTAN-RYUZER. 
This powder was passed through a 27 0 mesh (53 jam) according to 
the ASTM Standards to remove particles having a particle size 
of 53 jam or more. The properties of the graphite powder 
obtained are shown in Table 1. Although this powder was fine, 
the powder was obtained by pulverization, addition of B, and 
graphitization. Even though the aspect ratio was 6 or more, 
the capacity, efficiency, powder resistance, and oxidation 
initiation temperature were satisfactory. 

Example 8: 

Coke A was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
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to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.) into an average size of 50 (im or less. The 
powder particles were air-classified in a turbo-classifier 
(TC15N, manufactured by Nisshin Engineering K.K.) to remove 
98% of the particles having a particle size of 3 jjm or less. 
At this time, the average aspect ratio was 4.1. To a part of 
this pulverized product (14.4 kg), 0.6 kg of boron carbide 
(B 4 C) was added and mixed in a Henschel mixer at 800 rpm for 5 
minutes. This fine powder was sealed into a similar graphite 
crucible with a cover having an internal diameter of 4 0 cm and 
a volume of 40 1, the crucible was placed in a graphitizing 
furnace and the powder was graphitized at a temperature of 
2,900°C. The powder was left standing to cool, taken out, and 
unbinded using SPARTAN-RYUZER to obtain 14 kg of powder. This 
powder was passed through a 270 mesh (53 jjia) according to the 
ASTM Standards to remove particles having a particle size of 
53 jam or more. The properties of the graphite powder obtained 
are shown in Table 1. Although this powder contained about 
4.1 % of fine powder, the powder had large particle size, so 
the specific surface area, aspect ratio, capacity, efficiency, 
powder resistance, and oxidation initiation temperature were 
satisfactory. 

Comparative Example 1 : 

Coke A was placed, without any pretreatment , in a 
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graphitizing furnace as described above and the powder was 
graphitized at a temperature of 2, 800°C. The powder was left 
standing to cool and taken out. Thereafter, 15 kg of the 
powder was coarsely pulverized in a pulverizer (manufactured 
by Hosokawa micron K.K. ) into a size of from 2 to 3 mm or less. 
This coarsely pulverized product was finely pulverized in a 
jet mill (IDS2UR, manufactured by Nippon Neumatic K.K.) . At 
this time, 95% of the coarse particles having a particle size 
of 35 |im or more were continuously removed. The powder 
particles were then air-classified in a turbo-classifier 
(TC15N, manufactured by Nisshin Engineering K.K.) to remove 
95% of the particles having a particle size of 5 p or less. 
At this time, the average aspect ratio was 5.1. This powder 
was passed through a 27 0 mesh (53 \xnx) according to the AS TM 
Standards to remove particles having a particle size of 53 \m 
or more. The properties of the graphite powder obtained are 
shown in Table 1. Since this powder was obtained by 
pulverization after graphit ization, the specific surface area 
was large, bulk density was small, the discharge capacity was 
small, and the powder resistance was as much as 0.101 Qcm. 

Comparative Example 2; 

Coke A was placed in a graphitizing furnace as above and 
the powder was graphitized at a temperature of 2,900°C. The 
powder was left standing to cool and taken out. Thereafter, 
15 kg of the powder was coarsely pulverized in a pulverizer 
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(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. 15 kg of this coarsely pulverized product 
was finely pulverized in a jet mill (IDS2UR, manufactured by 
Nippon Neumatic K.K.). At this time, 95% of the coarse 
particles having a particle size of 50 jam or more were 
continuously removed. The powder particles were then air- 
classified in a turbo-classifier (TC15N, manufactured by 
Nisshin Engineering K.K.) to remove 98% of the particles 
having a particle size of 8 Jim or less. At this time, the 
average aspect ratio was 5.4. This powder was passed through 
a 27 0 mesh (53 jjua) according to the ASTM Standards to remove 
particles having a particle size of 53 jam or more. The 
properties of the graphite powder obtained are shown in Table 
1. Although this powder was obtained by pulverization after 
graphitization, as in Example 1, the specific area was large, 
bulk density was small, and therefore, the discharge capacity 
was not sufficient. 

Comparative Example 3: 

Coke B was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.) into a size of 15 \m or less. At this time, 
95% of the coarse particles having a particle size of 10 |im or 
more were continuously removed. The powder particles were 
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air-classified in a turbo-classifier (TC15N, manufactured by 
Nisshin Engineering K.K.) to remove 98% of the particles 
having a particle size of 1.0 fii or less- At this time, the 
average aspect ratio was 7.8. A part of this pulverized 
product (15 kg) was sealed into a graphite crucible with a 
cover having an internal diameter of 40 cm and a volume of 40 
1, the crucible was placed in a graphitizing furnace and the 
powder was graphitized at a temperature of 2,800°C. The 
powder was left standing to cool and taken out to obtain 14 kg 
of powder. This powder was passed through a 270 mesh (53 jam) 
according to the ASTM Standards to remove particles having a 
particle size of 53 jam or more. The properties of the 
graphite powder obtained are shown in Table 1. This powder 
had very poor discharge capacity because of the large specific 
surface area compared with Examples 1 and 2. 

Comparative Example 4: 

Coke B was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.). At this time, 95% of the coarse particles 
having a particle size of 50 fim or more were continuously 
removed. The powder particles were air-classified in a turbo- 
classifier (TC15N, manufactured by Nisshin Engineering K.K.) 
to remove 98% of the particles having a particle size of 5 urn 
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or less. At this time, the average aspect ratio was 6.4. 

A part of this pulverized product (15 kg) was sealed into 
a graphite crucible with a cover having an internal diameter 
of 40 cm and a volume of 40 1, the crucible was placed in an 
Acheson furnace and the powder was graphitized at a 
temperature of 2 / 800°C. The powder was left standing to cool 
and taken out to obtain 14 kg of powder. This powder was 
passed through a 27 0 mesh (53 |im) according to the AS TM 
Standards to remove particles having a particle size of 53 jam 
or more. The properties of the graphite powder obtained are 
shown in Table 1. This powder had large aspect ratio of 6.4 
and therefore a small bulk density of 0.71 m 2 /g. 

Comparative Example 5: 

Coke B was coarsely pulverized in a pulverizer 
(manufactured by Hosokawa micron K.K.) into a size of from 2 
to 3 mm or less. This coarsely pulverized product was finely 
pulverized in a jet mill (IDS2UR, manufactured by Nippon 
Neumatic K.K.) into an average size of 40 \xm or less. At this 
time, the average aspect ratio was 6.0. A part of this 
pulverized product (15 kg) was sealed into a graphite crucible 
with a cover having an internal diameter of 4 0 cm and a volume 
of 40 1, the crucible was placed in a graphitizing furnace 
with a graphite heater and the powder was graphitized at a 
temperature of 2 / 800°C. The powder was left standing to cool 
and taken out to obtain 14 kg of powder. This powder was 
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passed through a 270 mesh (53 pm) according to the AS TM 
Standards to remove particles having a particle size of 53 (am 
or more. The properties of the graphite powder obtained are 
shown in Table 1. This powder had large particle size, 
however, it contained a large amount of fine powder, and had 
small bulk density. 



45 



o 

<D 

u 

•rl H-l — - 

n w — ' 



as 
-.h 




£ o 

o -h 

■iH -P 

-p rd 

<TJ -H 
-P 

-H -H 

X cs 

O M 



M 

(0 
M 

EH — 



o 

-H -P 

U U 



--H 



O 
OD 



0% 
00 



rH 


CTi 


IT) 


lO 


OO 


OD 




OO 


CM 


CM 


OO 


00 



LO 

00 



CTi 
00 
OO 



CM 

00 



00 



CM 



lo 


r- 


lO 


00 


CD 


r- 


OO 


00 


CTi 


r- 


CM 


o 




mo 


lO 




CM 


CM 


CM 


CM 



d) (D (Q 



CM 

r- 
to 


00 


rH 


00 


oo 


CM 




00 


00 


00 


00 


lO 


M0 


MO 


vo 


U0 



OO 
CM 
MO 



0O 
MO 



MO 
lO 



rH 


o 


lO 


CM 










lO 


lO 


m 


lO 



rH 
O 


00 
OO 
O 


0030 


0031 


,0033 


,0034 


.0031 


.0030 


rH 
O 
rH 


O 


o 


o 


o 


o 


o 


o 


o 


O 



MO 




rH 


00 


<Ti 


00 


UO 




O 


o 


O 


o 


o 


o 


O 


o 



CD 
Eh 



-P 
S3 
<D 
-P 
C 
O 



O 

•<H 

-P 
-P 
fd 

►a 



u 3 

fC O rH 

O fd °< 



00 
lO 



a; <#> 

M -P 

o 2 



tO -P 
M <D £ 
UO O -—■ 



>1 ^ 

-H £ 

rH £ \ 

(Q Q — 



-P 

u o 

a) -H 

P-i -P 

in nj 



U 

■rH 0) 

mh U 

-rH fd 

O mh aJ 
(DM 

04 3 



<D rH 
U 

rtl -rH 

M -P 
<U M 
> *d 



•H 

CM CO 



o 





O 


CM 


CTi 


r- 


00 


rH 


rH 


O 


CTi 


rH 


CM 


CM 


rH 


O 



00 o 
00 ^ 



uo 

rH 

r- 
mo 



rH 

r- 
mo 



o to I lo 

CM rH 00 



CM 

o 



o 


o 


o 


O 






00 


0O 1 


00 


oo 




00 1 


r- 


















M0 


M0 


M0 


o 


o 


O 


rH 
O 



CM 
O 



00 
O 



rH 



O VD O CM 



00 



CTi 


00 


CM 
O 


O 
OO 


rH 
OO 


IT- 
MO 


o 


O 


rH 


O 


o 


O 





lO 


rH 


00 




MO 






o 


o 


O 


o 



o 


CTi 


o 


CPs 


rH 


lO 


CM 


rH 


rH 






00 




00 


KD 




MO 




lO 


in 



M0 



O 
MO 



rH 

r~ 


00 




O 
rH 


00 

o 


CM 


CM 
OO 


MO 
CM 


rH 


rH 


rH 




CM 


CM 


CM 









rH 


CM 


rH 


rH 


00 


CTi 


M0 


00 


CM 


CM 




rH 







o 



> 
■H 
4^ 
fd 
M 

fi & § 
aj g fd 

X o ^ 

w a w 







MO 


IT) 


LO 




LO 


rH 


rH 


O 


O 


CM 


rH 


OO 


rH 


CM 


CM 


CM 


CM 


CM 




rH 


CM 


00 






M0 





CM 



LO 


OO 


lO 


rH 


o 




o 


rH 


CM 




CM 


00 



& 



4-) 

as QJ 

M rH 

fd a 

£ S 

o « 



46 



Industrial Applicability 

A lithium battery using the graphite powder of the 
present invention for the negative electrode is advantageous 
in that the discharge capacity is large, the cycle property 
(battery life) is good, and the initial charge and discharge 
efficiency (discharge capacity to charge capacity of initial 1 
to 3 times) is high. 
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CLAIMS 



1. A carbon material for a lithium battery, comprising 
graphite powder having a specific surface area of not more 
than 3 m 2 /g, an aspect ratio of not more than 6, and a tapping 
bulk density of not less than 0.8 g/cm 3 . 

2. The carbon material for a lithium battery as claimed in 
claim 1, wherein an oxidation initiation temperature of said 
graphite powder is not less than 600 °C. 

3. The carbon material for a lithium battery as claimed in 
claim 1 or 2, wherein when said powder is subject to pressure 
to give said powder a bulk density of 1.5 g/cm 3 , a specific 
electrical resistance of said powder along a direction 
perpendicular to the direction of the pressure is not more 
than 0.0 6 Qcm. 

4. A carbon material for a lithium battery, consisting of 
graphite powder having a tapping bulk density of not less than 
0.8 g/cm 3 and an oxidation initiation temperature of not less 
than 600°C. 

5. The carbon material for a lithium battery as claimed in 
claim 4, wherein a specific surface area is not more than 3 
m 2 /g. 
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6. The carbon material for a lithium battery as claimed in 
claim 4 or 5, wherein an aspect ratio is not more than 6. 

7. A carbon material for a lithium battery, comprising 
graphite powder having a specific surface area of not more 
than 3 m 2 /g and a tapping bulk density of not less than 0.8 
g/cm 3 , wherein when said powder is put under pressure to give 
said powder a bulk density of 1.5 g/cm 3 , a specific electrical 
resistance of said powder along a direction perpendicular to 
the direction of the pressure is not more than 0.06 Qcm. 

8. The carbon material for a lithium battery as claimed in one 
of claims 1, 2, 4, 5, and 7 , wherein the graphite powder has 
an average particle size of from 8 to 30 |iiru 

9. The carbon material for a lithium battery as claimed in 
claim 3, wherein the graphite powder has an average particle 
size of from 8 to 30 jiim. 

10. The carbon material for a lithium battery as claimed in 
one of claims 1, 2, 4, 5, and 7, wherein the graphite powder 
contains substantially no particles having a particle size of 
3 |im or less and/or 53 (im or more. 

11. The carbon material for a lithium battery as claimed in 
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claim 3, wherein the graphite powder contains substantially no 
particles having a particle size of 3 (am or less and/or 53 \xm 
or more* 

12. The carbon material for a lithium battery as claimed in 
claim 8, wherein the graphite powder contains substantially no 
particles having a particle size of 3 [am or less and/or 53 |om 
or more. 

13. The carbon material for a lithium battery as claimed in 
claim 9, wherein the graphite powder contains substantially no 
particles having a particle size of 3 jam or less and/or 53 |im 
or more. 

14. The carbon material for a lithium battery as claimed in 
one of claims 1, 2, 4, 5, and 7, wherein the graphite powder 
has a Co value of 6.745 A or less. 

15. The carbon material for a lithium battery as claimed in 
claim 3, wherein the graphite powder has a Co value of 6.745 A 
or less. 

16. The carbon material for a lithium battery as claimed in 
claim 8, wherein the graphite powder has a Co value of 6.745 A 
or less. 
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17. The carbon material for a lithium battery as claimed in 
claim 9, wherein the graphite powder has a Co value of 6.745 A 
or less. 

18. The carbon material for a lithium battery as claimed in 
claim 10, wherein the graphite powder has a Co value of 6.745 
A or less. 

19. The carbon material for a lithium battery as claimed in 
claim 11, wherein the graphite powder has a Co value of 6.745 
A or less. 

20. The carbon material for a lithium battery as claimed in 
claim 12, wherein the graphite powder has a Co value of 6.745 
A or less. 

21. The carbon material for a lithium battery as claimed in 
claim 13, wherein the graphite powder has a Co value of 6.745 
A or less. 

22. The carbon material for a lithium battery as claimed in 
one of claims 1, 2, 4, 5, and 7, wherein the graphite powder 
contains boron. 

23. The carbon material for a lithium battery as claimed in 
claim 3, wherein the graphite powder contains boron. 
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24. The carbon material for a lithium battery as claimed in 
claim 8, wherein the graphite powder contains boron. 

25. The carbon material for a lithium battery as claimed in 
claim 9, wherein the graphite powder contains boron. 

26. The carbon material for a lithium battery as claimed in 
claim 10, wherein the graphite powder contains boron. 

27. The carbon material for a lithium battery as claimed in 
claim 11, wherein the graphite powder contains boron. 

28. A paste for a negative electrode of a battery, wherein 
said paste is obtained from the graphite powder as claimed in 
one of claims 1, 2, 4, 5, and 7 as a main material by adding 
polyvinylidene fluoride powder thereto and kneading. 

29. A paste for a negative electrode of a battery, wherein 
said paste is obtained from the graphite powder as claimed in 
claim 3 as a main material by adding polyvinylidene fluoride 
powder thereto and kneading. 

30. A battery comprising a negative electrode produced from 
the graphite powder as claimed in one of claims 1, 2, 4, 5, 
and 7 as a main material. 
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31. A battery comprising a negative electrode produced from 
the graphite powder as claimed in claim 3 as a main material, 

32. A lithium battery comprising a negative electrode produced 
from the graphite powder as claimed in one of claims 1, 2, 4, 
5, and 7 as a main material. 

33. A lithium battery comprising a negative electrode produced 
from the graphite powder as claimed in claim 3 as a main 
material . 
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Abstract 



The present invention relates to graphite powder and to a 
battery using it as a negative electrode material, the powder 
having a specific surface area of not more than 3 m 2 /g, an 
aspect ratio of not more than 6, and a tapping bulk density of 
not less than 0.8 g/cm 3 ; or a tapping bulk density of not less 
than 0.8 g/cm 3 and an oxidation initiation temperature of not 
less than 600°C; or a specific surface area of not more than 3 
m 2 /g and a tapping bulk density of not less than 0.8 g/cm 3 , a 
specific electrical resistance of the powder not more than 
0.06 Qcm in the specified condition. The battery obtained 
thus has a large discharge capacity, good cycle property and 
high charge and discharge efficiency. 
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As a below named inventor, I hereby declare that: 
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